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1
INTERCONNECT WITH HYBRID
METALLIZATION

BACKGROUND

1. Field of the Invention

The present invention relates generally to semiconductors,
and more particularly, to electronic interconnect structures
having at least two different metals in a single metallization
layer.

2. Background of Invention

Scaling down of active device dimensions in the manufac-
ture of integrated circuits (IC) has improved circuit perfor-
mance and increased the complexity and capability of the
active devices packed on a semiconductor substrate. The high
density ICs run at a higher and higher temperature. High
temperature increases the likelihood of electromigration
(EM) failure of interconnect structures within the IC.

In multi-finger applications in which the layout of the
devices is such that the metal lines may be arranged in parallel
stripes or fingers, these fingers may carry significant current
densities and current limiting mechanisms, including elec-
tromigration, are a major concern. Such devices include:
power amplifiers, RF switches, I/O drivers, small analog
devices operating near peak ft, devices with moderate current
densities but operating at high ambient temperature (above
80° C.) or chips that develop a large amount of heat during
operation, and any device with long fingers.

Accordingly, an interconnect structure which is resistant to
EM despite high operating temperatures is needed.

SUMMARY

According to one embodiment of the present invention, a
method is provided. The method may include forming a first
interconnect structure in a dielectric layer, and forming a
second interconnect structure in the dielectric layer, the first
interconnect structure and the second interconnect structure
being formed from different materials.

According another exemplary embodiment of the present
invention, a structure is provided. The structure may include
a first interconnect structure, and a second interconnect struc-
ture, the first interconnect structure and the second intercon-
nect structure being different materials. The first interconnect
structure and the second interconnect structure are both
within the same metallization level, and a top surface of the
first interconnect structure is not co-planar with a top surface
of the second interconnect structure.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The following detailed description, given by way of
example and not intend to limit the invention solely thereto,
will best be appreciated in conjunction with the accompany-
ing drawings, in which:

FIG. 1 illustrates the formation of a metallization level
having a first interconnect structure, a dielectric layer, and a
cap dielectric according to an exemplary embodiment.

FIG. 2 illustrates the formation of a second interconnect
structure in the metallization level according to an exemplary
embodiment.

FIG. 3 illustrates the formation of a metallization level
having a first metal, a dielectric layer, and a cap dielectric
according to an exemplary embodiment.
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FIG. 4 illustrates the formation of a second metal formed in
the metallization level in direct contact with the first metal
according to an exemplary embodiment.

The drawings are not necessarily to scale. The drawings are
merely schematic representations, not intended to portray
specific parameters of the invention. The drawings are
intended to depict only typical embodiments of the invention.
In the drawings, like numbering represents like elements.

DETAILED DESCRIPTION

Detailed embodiments of the claimed structures and meth-
ods are disclosed herein; however, it can be understood that
the disclosed embodiments are merely illustrative of the
claimed structures and methods that may be embodied in
various forms. This invention may, however, be embodied in
many different forms and should not be construed as limited
to the exemplary embodiment set forth herein. Rather, these
exemplary embodiments are provided so that this disclosure
will be thorough and complete and will fully convey the scope
of'this invention to those skilled in the art. In the description,
details of well-known features and techniques may be omitted
to avoid unnecessarily obscuring the presented embodiments.

To address the aforementioned problem, the present inven-
tion provides electronic interconnect structures having a
hybridized metallization structure. The hybridized metalliza-
tion structure may feature at least two different metals in a
single metallization level. The first metal may be situated in a
region of high operating temperature and the second metal
may be situated in a region of normal operating temperatures.
In one embodiment, a single metallization level may include
two individual interconnect structures, separate from one
another, each made of a different conductive material. In
another embodiment, a single metallization level may include
a single interconnect structure made of two discreet conduc-
tive materials in direct contact with one another. In both
embodiments, one conductive material may be chosen for its
low resistivity and good electromigration reliability, and the
other chosen for similar properties at elevated operating tem-
peratures. It should be noted that all temperatures relevant to
the following description are operating temperatures and not
processing temperatures. Operating temperatures may
include any temperature an interconnect structure may expe-
rience during normal operation as compared to any tempera-
ture experienced by the interconnect structure during fabri-
cation and processing. Furthermore, normal operating
temperatures may include temperatures at or about 75° C. to
about 100° C., and elevated operational temperatures may
include temperatures at or above about 100° C. and in par-
ticular, temperatures equal to or greater than about 125° C. or
even equal to or greater than about 150° C.

Areas of an integrated circuit that may experience high
operating temperatures may include areas of high intercon-
nect density, especially when those interconnects are mini-
mum width; areas over active areas, particularly those areas
over a contact (source, drain, gate, collector, base or emitter
contact) to a silicon containing substrate; areas having a
multi-finger layout such that the metal lines may be arranged
in parallel stripes or fingers, particularly when these fingers
carry significant current densities; or areas including power
amplifiers, RF switches, /O drivers. Devices which are sus-
ceptible to EM caused by high operating temperatures may
include bipolar devices, small analog devices operating near
peak ft, devices with moderate current densities but operating
at high ambient temperature (above 80° C.) and other devices
within the above described areas.
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More specifically, multilayer electronic components com-
prise multiple levels of a dielectric material having metalli-
zation on each level in the form of vias, pads, straps connect-
ing pads to vias, and wiring. Vias or other openings in the
dielectric layer extend from one level to another level. These
openings are filled with a conductive material and electrically
connect the metallization of one level to the metallization of
another level and provide for the high density electronic com-
ponent devices now used in industry. The metallization of
each level may be formed using a filling technique such as
electroplating, electroless plating, chemical vapor deposi-
tion, physical vapor deposition or a combination of methods.
The metallization and dielectric layer may be capped with a
cap dielectric, which may be, for example, nitride.

Ideally, low resistivity and good electromigration resis-
tance across a broad range of temperatures is preferable of
any interconnect structure. One way to achieve both low
resistivity and good electromigration resistance for a broad
range of temperatures may include forming a single metalli-
zation level having one or more interconnect structures with
different materials, each strategically positioned based on the
operating temperature of the corresponding interconnect.
Thus, one interconnect which may experience elevated oper-
ating temperatures may include one conductive material and
another interconnect which may experience normal operating
temperatures may include a different conductive material.
One embodiment by which to fabricate interconnect struc-
tures within a single metallization level having two different
conductive materials is described in detail below by referring
to the accompanying drawings FIGS. 1-2. In the present
embodiment, two interconnect structures, each formed from a
different conductive material, may be formed in a single
metallization level using both a metal RIE and a single dama-
scene integration scheme.

Referring now to FIG. 1, a structure 100 is shown. The
structure 100 may include a substrate 102 and a metallization
level 104. The substrate 102 may include a bulk semiconduc-
tor or a layered semiconductor such as Si/SiGe, a silicon-on-
insulator (SOI), or a SiGe-on-insulator (SGOI). Bulk sub-
strate materials may include undoped Si, n-doped Si, p-doped
Si, single crystal Si, polycrystalline Si, amorphous Si, Ge,
SiGe, SiC, SiGeC, Ga, GaAs, InAs, InP and all other I11/V or
1II/VI compound semiconductors. The metallization level 104
may include a first interconnect structure 106, a dielectric
layer 108, and a first cap dielectric 110. The metallization
level 104 may represent any interconnect level in the structure
100. In one embodiment, the metallization level 104 may
represent a metallization level directly above a contact level
or an active device level. It should be noted that while only a
single interconnect level is shown, in some embodiments the
structure 100 may have multiple interconnect levels either
above, below, or above and below the metallization level 104.
The first interconnect structure 106 may consist of a typical
line or wire found in a typical semiconductor circuit.

The first interconnect structure 106 may be formed by any
suitable metal etching technique known in the art. A suitable
metal etching technique is one that is suited to etch the mate-
rial of the first interconnect structure 106. Formation of the
first interconnect structure 106 may include depositing a
metal layer, lithographically patterning a mask above the
metal layer, and removing a portion of the metal layer. The
metal layer may be formed using conventional deposition
methods, for example, chemical vapor deposition, low-pres-
sure chemical vapor deposition, atomic layer deposition, or
physical vapor deposition. The metal layer, and thus the first
interconnect structure 106, may include any metal suitable for
interconnect structures, such as, for example aluminum.
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After the metal layer is deposited above the substrate 102,
aphotoresist material may be deposited above the metal layer
and lithographically patterned to form the mask. The photo-
resist material may be patterned by exposing the photoresist
to a desired pattern of radiation and developing the exposed
photoresist utilizing a conventional resist developer. The
mask or pattern in the photoresist may then be transferred to
the metal layer using one or more dry etching techniques.
Suitable dry etching techniques may include, but are not
limited to: reactive ion etching (RIE), ion beam etching,
plasma etching, or laser ablation. In one embodiment, a RIE
technique using, for example, a chlorine based etchant
including BCl;, CHCl,;, or Cl,, may be used to transfer the
mask pattern into the metal layer and thus form the first
interconnect structure 106. The patterned photoresist may
then be removed by resist stripping after etching has been
completed. The mask may include well known photoresist
materials, for example, a soft mask, and could be either posi-
tive or negative in tone. Optionally, a non-contact or a hard-
mask may be used.

The first interconnect structure 106 may be strategically
positioned in an area of the structure 100 expected to experi-
ence elevated operating temperatures. The material from
which the first interconnect structure 106 may be formed, can
be specifically chosen for its low resistivity and good elec-
tromigration resistance at elevated operating temperatures. In
one embodiment, the first interconnect structure 106 may
include aluminum fabricated using a chemical vapor deposi-
tion technique followed by a RIE technique. In the present
embodiment, aluminum may be chosen for its low resistivity
and electromigration characteristics, and thus good reliabil-
ity, at elevated operating temperatures above about 100° C.
Generally, the first interconnect structure 106 may be any
suitable thickness preferred for the corresponding intercon-
nect function. In one embodiment, the first interconnect struc-
ture 106 may have a thickness ranging from about 100 nm to
about 500 nm and ranges there between, although a thickness
less than 100 nm and greater than 500 nm may be acceptable.

With continued reference to FIG. 1, the dielectric layer 108
may then be deposited above the substrate 102 and above the
first interconnect structure 106. The dielectric layer 108 may
include any suitable dielectric material, for example, silicon
oxide (810,), silicon nitride (Si;N,), hydrogenated silicon
carbon oxide (SiCOH), silicon based low-k dielectrics, or
porous dielectrics. Known suitable deposition techniques,
such as, for example, atomic layer deposition, chemical vapor
deposition, or physical vapor deposition may be used to form
the dielectric layer 108. The dielectric layer 108 may have a
typical thickness ranging from about 100 nm to about 500 nm
and ranges there between, although a thickness less than 100
nm and greater than 500 nm may be acceptable. A chemical
mechanical polishing technique may be applied to remove
excess dielectric material prior to depositing the first cap
dielectric 110 above the dielectric layer 108 and the first
interconnect structure 106. The chemical mechanical polish-
ing technique may polish the structure 100 selective to the
first interconnect structure 106 and expose the first intercon-
nect structure 106.

The first cap dielectric 110 may then be deposited over the
structure 100, and above the first interconnect structure 106
and above the dielectric layer 108. The first cap dielectric 110
may electrically insulate the metallization level 104 from
additional interconnect levels (not shown) that may be sub-
sequently formed above the metallization level 104. The first
cap dielectric 110 may be deposited using typical deposition
techniques, for example, chemical vapor deposition. The first
cap dielectric 110 may include, for example, silicon nitride
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(Si5N,), silicon carbide (SiC), silicon carbon nitride (SiCN),
hydrogenated silicon carbide (SiCH), or other known capping
materials. The first cap dielectric 110 may have a thickness
ranging from about 5 nm to about 50 nm and ranges there
between, although a thickness less than 5 nm and greater than
50 nm may be acceptable.

Now referring to FIG. 2, a second interconnect structure
112 may be formed in the dielectric layer 108 in accordance
with typical lithography techniques. The second interconnect
structure 112 may be fabricated using, for example, a typical
single or dual damascene technique in which a conductive
interconnect material may be deposited in a trench formed in
the dielectric layer 108. A single damascene technique is
relied on to describe the present embodiment.

In instances where a dual damascene integration scheme is
used, either the first interconnect structure 106 or the second
interconnect structure 112 may be formed above an underly-
ing interconnect structure (not shown). In such cases, the
underlying interconnect structure may include a metal line, a
via, or a contact made of copper, aluminum, or tungsten.

With continued reference to FIG. 2, first a trench may be
formed in the dielectric layer 108 and then subsequently filled
with a conductive interconnect material to form the second
interconnect structure 112. The trench may be formed using
any suitable masking and etching technique known in the art.
In one embodiment, a dry etching technique using a fluorine
based etchant, such as, for example C.F,, may be used. Next,
a conductive interconnect material may be deposited within
the trench and above the first cap dielectric 110. The second
interconnect structure 112 may be formed using a filling
technique such as electroplating, electroless plating, chemi-
cal vapor deposition, physical vapor deposition or a combi-
nation of methods. The second interconnect structure 112,
may include any metal suitable for interconnect structures,
such as, for example, copper, or tungsten. It should be noted
that the second interconnect structure 112 is comprised of a
different bulk conductor material than first interconnect struc-
ture 106. For example, in one embodiment, the first intercon-
nect structure 106 may include aluminum and the second
interconnect structure 112 may include copper. In an alterna-
tive embodiment, the first interconnect structure 106 may
include aluminum with copper doping and the second inter-
connect structure 112 may include copper with aluminum
doping.

A seed layer (not shown) may first be deposited within the
trench in instances where a plating technique is used to form
the second interconnect structure 112. The seed layer may
include any suitable conductive interconnect material similar
to that used in the formation of the second interconnect struc-
ture 112. In one embodiment, the second interconnect struc-
ture 112 may include various barrier liners (not shown). One
barrier liner may include, for example, tantalum nitride
(TaN), followed by an additional layer including tantalum
(Ta). Other barrier liners may include cobalt (Co), or ruthe-
nium (Ru) either alone or in combination with any other
suitable liner.

The second interconnect structure 112 may be strategically
positioned in an area of the structure 100 expected to experi-
ence normal operating temperatures. The material from
which the second interconnect structure 112 may be formed,
may be specifically chosen for its superior resistivity and
good electromigration resistance at normal operating tem-
peratures. In one embodiment, the second interconnect struc-
ture 112 may include copper fabricated using a damascene
technique. In the present embodiment, copper may be chosen
for it superior resistivity and electromigration characteristics,
and thus good reliability, at normal operating temperatures at
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or below about 75° C. to about 100° C. Generally, the second
interconnect structure 112 may have any suitable thickness
preferred for the corresponding interconnect function. In one
embodiment, the second interconnect structure 112 may have
a thickness ranging from about 100 nm to about 500 nm and
ranges there between, although a thickness less than 100 nm
and greater than 500 nm may be acceptable.

A chemical mechanical polishing technique may be
applied to remove excess conductive interconnect material
prior to depositing a second cap dielectric 114 above the
second interconnect structure 112 and above the first cap
dielectric 110. The chemical mechanical polishing technique
may polish the structure 100 selective to and expose the
second interconnect structure 112. The second cap dielectric
114 may be substantially similar in all respects to the first cap
dielectric 110 described above. It should be noted that the
second interconnect structure 112 may be thicker than the first
interconnect structure 106 by an amount approximately equal
to the thickness of the first cap dielectric 110.

Alternatively, in another embodiment, another chemical
mechanical polishing technique may be applied to the struc-
ture 100 of FIG. 2 to remove the first and second cap dielec-
trics 110, 114. In doing so a top surface of the first intercon-
nect structure 106 may be polished flush with, or co-planar
with, a top surface of the second interconnect structure 112.

Another embodiment by which to fabricate interconnect
structures within a single metallization level having two dif-
ferent conductive materials is described in detail below by
referring to the accompanying drawings FIGS. 3-4. In the
present embodiment, a single interconnect structure made of
two discrete conductive materials, in direct contact with each
other, may be formed in a single metallization level using both
a metal RIE and a single damascene integration scheme.

Referring now to FIG. 3, a structure 200 is shown. The
structure 200 may include the substrate 102 and the metalli-
zation level 104. The metallization level 104 may include the
first interconnect structure 106, the dielectric layer 108, and
the first cap dielectric 110. The metallization level 104 may
represent any interconnect level in the structure 200. In one
embodiment, the metallization level 104 may represent a
metallization level directly above a contact level or an active
device level. It should be noted that while only a single
interconnect level is shown, in some embodiments the struc-
ture 200 may have multiple interconnect levels either above,
below, or above and below the metallization level 104. The
first interconnect structure 106 may make up a portion of a
single interconnect structure which may consist of a typical
line or wire found in a typical semiconductor circuit.

The first interconnect structure 106 may be formed accord-
ing to the fabrication techniques described in detail above.
Also similar to the above embodiment, the dielectric layer
108 may be deposited above the substrate 102 and above the
first interconnect structure 106, and then subsequently pol-
ished selective to the first interconnect structure 106. The first
cap dielectric 110 may be formed above the first interconnect
structure 106 and above the dielectric layer 108 according to
the description above.

Like above, the first interconnect structure 106 may be
strategically positioned in a portion of the structure 100
expected to experience elevated operating temperatures. The
material from which the first interconnect structure 106 may
be formed, can be specifically chosen for its low resistivity
and good electromigration resistance at elevated operating
temperatures. In one embodiment, the first interconnect struc-
ture 106 may include aluminum fabricated using a chemical
vapor deposition technique followed by a RIE technique. In
the present embodiment, aluminum may be chosen for it low
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resistivity and electromigration characteristics, and thus good
reliability, at elevated operating temperatures above about
100° C.

Referring now to FIG. 4, a second interconnect structure
212 may be formed in the dielectric layer 108 in direct contact
with the first interconnect structure 106, and in accordance
with typical lithography techniques. The first interconnect
structure 106 together with the second interconnect structure
212 may form the single interconnect structure referred to
above. The second interconnect structure 212 may be sub-
stantially similar to the second interconnect structure 112
detailed above Like the second interconnect structure 112
above, the second interconnect structure 212 may be fabri-
cated using, for example, a typical single or dual damascene
technique in which a conductive interconnect material may be
deposited in a trench formed in the dielectric layer 108. A
single damascene technique is relied on to describe the
present embodiment.

In instances where a dual damascene integration scheme is
used, either the first interconnect structure 106 or the second
interconnect structure 212 may be formed above an underly-
ing interconnect structure (not shown). In such cases, the
underlying interconnect structure may include a metal line, a
via, or a contact made of copper, aluminum, or tungsten.

With continued reference to FIG. 4, a trench may be
formed in the dielectric layer 108 and then subsequently filled
with a conductive interconnect material to form the second
interconnect structure 212 in substantially the same manner
as described above. Unlike above, the trench may be pat-
terned such that it overlaps the first interconnect structure
106. Therefore, a portion of the first interconnect structure
106 may be exposed at one end of the trench, and a portion of
the first cap dielectric 110 may be removed from above the
first interconnect structure 106.

The trench may then be filled with a conductive intercon-
nect material to form the single interconnect structure includ-
ing the first interconnect metal 106 and the second intercon-
nect structure 212. In the present embodiment, the first
interconnect metal 106 and the second interconnect structure
212 may be in direct contact with one another, as illustrated in
the figure. Generally, the second interconnect structure 212
may be substantially similar to the second interconnect struc-
ture 112 above, and may be strategically positioned in a
portion of the single interconnect structure expected to expe-
rience normal operating temperatures. The material from
which the second interconnect structure 212 may be formed,
may be specifically chosen for its superior resistivity and
good electromigration resistance at normal operating tem-
peratures. In one embodiment, the second interconnect struc-
ture 212 may include copper deposited using a damascene
technique. In the present embodiment, copper may be chosen
for it superior resistivity and electromigration characteristics,
and thus good reliability, at normal operating temperatures at
or below about 75° C. to about 100° C.

It should be noted that the second interconnect structure
212 is comprised of a different bulk conductor material than
first interconnect structure 106. For example, in one embodi-
ment, the first interconnect structure 106 may include alumi-
num and the second interconnect structure 212 may include
copper. In an alternative embodiment, the first interconnect
structure 106 may include aluminum with copper doping and
the second interconnect structure 212 may include copper
with aluminum doping.

Lastly, a chemical mechanical polishing technique may be
applied to remove excess conductive interconnect material
prior to depositing the second cap dielectric 114 above the
second interconnect structure 212 and the first cap dielectric
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110. The chemical mechanical polishing technique may pol-
ish the structure 200 selective to and expose the second inter-
connect structure 212.

Alternatively, in another embodiment, another chemical
mechanical polishing technique may be applied to the struc-
ture 200 of FIG. 4 to remove the first and second cap dielec-
trics 110, 114. In doing so a top surface of the first intercon-
nect structure 106 may be polished flush with, or co-planar
with, a top surface of the second interconnect structure 212.

The descriptions of the various embodiments ofthe present
invention have been presented for purposes of illustration, but
are not intended to be exhaustive or limited to the embodi-
ments disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments. The
terminology used herein was chosen to best explain the prin-
ciples of the embodiment, the practical application or techni-
cal improvement over technologies found in the marketplace,
orto enable others of ordinary skill in the art to understand the
embodiments disclosed herein.

What is claimed is:

1. A method comprising:

forming a first interconnect structure in a dielectric layer;

and

forming a second interconnect structure in the dielectric

layer, the first interconnect structure and the second
interconnect structure being formed from different
materials; wherein the second interconnect structure is
in physical contact with the first interconnect structure;

wherein the first interconnect structure is formed in a

region of a structure which experiences elevated operat-
ing temperatures; wherein the second interconnect
structure is formed in a region of the structure which
experiences normal operating temperatures.

2. The method of claim 1, wherein for forming the first
interconnect structure in a dielectric layer comprises:

depositing a metal layer;

removing a portion of the metal layer; and

depositing the dielectric layer to form the first interconnect

structure.

3. The method of claim 1, wherein forming the first inter-
connect structure in a dielectric layer comprises:

etching a trench in the dielectric layer;

depositing a metal within the trench and above the a first

cap dielectric; and

removing an excess portion of the metal to form the first

interconnect structure.

4. The method of claim 1, wherein forming the second
interconnect structure in the dielectric layer comprises:

etching a trench through a first cap dielectric into the

dielectric layer;

depositing a metal within the trench and above the first cap

dielectric; and

removing an excess portion of the metal from above the

first cap dielectric to form the second interconnect struc-
ture.

5. The method of claim 1, further comprising forming a
portion of the second interconnect structure above a portion
of the first interconnect structure.

6. The method of claim 1, further comprising:

forming a first cap dielectric above the first interconnect

structure and above the dielectric layer before forming
the second interconnect structure; and

forming a second cap dielectric above a first cap dielectric

and above the second interconnect structure.
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7. A structure comprising:

a first interconnect structure; and

asecond interconnect structure, the first interconnect struc-

ture and the second interconnect structure being differ-
ent materials,

wherein the first interconnect structure and the second

interconnect structure are both within the same metalli-
zation level;

wherein the second interconnect structure is in physical

contact with the first interconnect structure;

wherein the first interconnect structure is located in a first

region of the structure which experiences elevated oper-
ating temperatures, and the second interconnect struc-
ture is located in a second region of the structure which
experiences normal operating temperatures.

8. The structure of claim 7, wherein the second intercon-
nect structure is thicker than the first interconnect structure,
the thickness being measured from a top surface of the met-
allization level to a bottom surface of the metallization level.
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9. The structure of claim 7, further comprising:

a first cap dielectric above the first interconnect structure
and above a dielectric layer; and

a second cap dielectric above the first cap dielectric and
above the second interconnect structure.

10. The structure of claim 7, further comprising:

a via below the first interconnect structure, the via being a
different material from the first interconnect structure
and a different material from the second interconnect
structure.

11. The structure of claim 10, further comprising:

avia below the second interconnect structure, the via being
the same material as the second interconnect structure.

12. The structure of claim 7, wherein a portion of the

second interconnect structure is above a portion of the first
interconnect structure.

13. The structure of claim 7, wherein the second intercon-

nect structure is in physical contact with a top portion of the
first interconnect structure.
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